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(54) Display device and method of driving a display device

(57) Write in of lower significant bits of a digital video
signal to a memory is eliminated by a memory controller
of a signal control circuit in a display device during a
second display mode in which the number of gray scales
is reduced, as compared to a first display mode. Further,
read out of the lower significant bits of the digital video
signal from the memory is also eliminated. The amount

of information of digital image signals input to a source
signal line driver circuit is reduced. Corresponding to
this operation, a display controller functions to make
start pulses and clock pulses input to each driver circuit
have a lower frequency, and write in periods and display
periods of sub-frame periods participating in display are
set longer.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a display de-
vice for displaying an image by inputting a digital video
signal. In particular, the present invention relates to a
display device having light emitting elements. Further,
the present invention relates to an electronic equipment
that uses the display device.

2. Description of the Related Art

[0002] A display device having a light emitting ele-
ment disposed in each pixel which performs display of
an image by controlling light emitted from the light emit-
ting elements is explained below.
[0003] The explanation throughout this specification
uses elements (OLED elements) having a structure in
which an organic compound layer for emitting light when
an electric field is generated is sandwiched between an
anode and a cathode, for the light emitting elements, but
the present invention is not limited to this structure.
[0004] Further, the explanation within this specifica-
tion uses elements that utilize light emitted when making
a transition from singlet excitons to a base state (fluo-
rescence), and those that utilize light emitted when mak-
ing a transition from triplet excitons to a base state
(phosphorescence).
[0005] Layers such as hole injecting layers, hole
transporting layers, light emitting layers, electron trans-
porting layers, electron injecting layers can be given as
organic compound layers. Light emitting elements basi-
cally are shown by structures in which an anode, a light
emitting layer, and a cathode overlap in this order. In
addition, structures such as a structure in which an an-
ode, a hole injecting layer, a light emitting layer, an elec-
tron injecting layer, and a cathode are overlapped in this
order, and one in which an anode, a hole injecting layer,
a hole transporting layer, a light emitting layer, an elec-
tron transporting layer, an electron injecting layer, and
a cathode are overlapped in this order may also be used.
[0006] Note that the organic compound layers are not
limited to laminate structures in which layers such as
hole injecting layers, hole transporting layers, light emit-
ting layers, electron transporting layers, and electron in-
jecting layers are clearly separated from each other.
That is, the organic compound layers may also have a
structure having a layer in which the materials used for
structuring hole injecting layers, hole transporting lay-
ers, light emitting layers, electron transporting layers,
and electron injecting layers are mixed.
[0007] Further, any types of materials of low molecu-
lar weight materials, high molecular weight materials,
and intermediate molecular weight materials may be
used as the OLED element organic compound layers.

[0008] Note that, in this specification, the term inter-
mediate molecular weight material indicates materials
having a molecularity equal to or less than 20, or those
in which the length of the chained molecules is equal to
or less than 10 µm and which do not have sublimation
property.
[0009] A display devices is structured by a display and
peripheral circuits for inputting signals to the display.
[0010] The structure of the display is explained below.
[0011] The display is structured by a source signal line
driver circuit, a gate signal line driver circuit, and a pixel
portion. The pixel portion has pixels disposed in a matrix
shape.
[0012] Thin film transistors (hereafter referred to as
TFTs) are arranged in each pixel of the pixel portion. A
method of placing two TFTs in each pixel and controlling
light emitted from the light emitting element of each pixel
is explained.
[0013] Fig. 7 shows a structure of a pixel portion of a
display device.
[0014] Source signal lines S1 to Sx, gate signal lines
G1 to Gy, and electric power source supply lines V1 to
Vx are arranged in a pixel portion 700, and x columns
and y rows (where x and y are natural numbers) of pixels
are also placed in the pixel portion. Each pixel 800 has
a switching TFT 801, a driver TFT 802, a storage ca-
pacitor 803, and a light emitting element 804.
[0015] An enlarged view of one pixel of the pixel por-
tion of Fig. 7 is shown in Fig. 8.
[0016] The pixel is structured by one source signal
line S of the source signal lines S1 to Sx, one gate signal
line G of the gate signal lines G1 to Gy, one electric pow-
er source supply line V of the electric power source sup-
ply lines V1 to Vx, the switching TFT 801, the driver TFT
802, the storage capacitor 803, and the light emitting
element 804.
[0017] A gate electrode of the switching TFT 801 is
connected to the gate signal line G, and one of a source
region and a drain region of the switching TFT 801 is
connected to the source signal line S, while the other
one is connected to a gate electrode of the driver TFT
802 or to one electrode of the storage capacitor 803.
One of a source region and a drain region of the driver
TFT 802 is connected to the electric power source sup-
ply line V, while the other one is connected to an anode
or a cathode of the light emitting element 804. The elec-
tric power source supply line V is connected to one of
the two electrodes of the storage capacitor 803, namely
the electrode on the side to which the driver TFT 802
and the switching TFT 801 are not connected.
[0018] The anode of the light emitting element 804 is
referred to as a pixel electrode, and the cathode of the
light emitting element 804 is referred to as an opposing
electrode, within this specification for cases in which the
source region or the drain region of the driver TFT 802
is connected to the anode of the light emitting element
804. On the other hand, if the source region or the drain
region of the driver TFT 802 is connected to the cathode
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of the light emitting element 804, then the cathode of the
light emitting element 804 is referred to as the pixel elec-
trode, and the anode of the light emitting element 804
is referred to as the opposing electrode.
[0019] Further, an electric potential imparted to the
electric power source supply line V is referred to as an
electric power source electric potential, and an electric
potential imparted to the opposing electrode is referred
to as an opposing electric potential.
[0020] The switching TFT 801 and the driver TFT 802
may be either p-channel TFTs or n-channel TFTs. How-
ever, it is preferable that the driver TFT 802 be a p-chan-
nel TFT, and that the switching TFT 801 be an n-channel
TFT for cases in which the pixel electrode of the light
emitting element 804 is the anode. Conversely, it is pref-
erable that the driver TFT 802 be an n-channel TFT, and
that the switching TFT 801 be a p-channel TFT if the
pixel electrode is the cathode.
[0021] Note that the storage capacitor 803 need not
always be formed.
[0022] For example, a parasitic capacitance generally
referred to as a gate capacitance is formed in overlap-
ping regions for cases where there is an LDD region in
which the n-channel TFT used as the driver TFT 802 is
formed so as to overlap with a gate electrode through a
gate insulating film. It is possible to actively use this par-
asitic capacitance as a storage capacitor for storing a
voltage applied to the gate electrode of the driver TFT
802.
[0023] Operation during display of an image with the
aforementioned pixel structure is explained below.
[0024] A signal is input to the gate signal line G, and
the electric potential of the gate electrode of the switch-
ing TFT 801 changes, thereby changing a gate voltage.
The signal is input to the gate electrode of the driver TFT
802 by the source signal line S, via the source and drain
of the switching TFT 801 which thus has been placed in
a conductive state. Further, the signal is stored in the
storage capacitor 803. The gate voltage of the driver
TFT 802 changes in accordance with the signal input to
the gate electrode of the driver TFT 802, thereby placing
the source and drain in a conductive state. The electric
potential of the electric power source supply line V is
imparted to the pixel electrode of the light emitting ele-
ment 804 through the driver TFT 802. The light emitting
element 804 thus emits light.
[0025] A method of expressing gray scales with pixels
having such a structure is explained.
[0026] Gray scale expression methods can be rough-
ly divided into analog methods and digital methods. Dig-
ital methods have advantages compared to analog
methods, such as being geared to multiple gray scales.
[0027] A digital gray scale expression method is fo-
cused upon here.
[0028] A time gray scale method can be given as the
digital gray scale expression method.
[0029] A time gray scale driving method is explained
in detail below.

[0030] The time gray scale driving method is a method
of expressing gray scales by controlling the period that
each pixel of a display device emits light.
[0031] If a period for displaying one image is taken as
one frame period, then one frame period is divided into
a plurality of subframe periods.
[0032] Turn on and turn off, namely whether or not the
light emitting element of each pixel is made to emit light
or to not emit light, is performed for each subframe pe-
riod. The period during which the light emitting element
emits light in one frame period is controlled, and a gray
scale for each pixel is expressed.
[0033] The time gray scale driving method is ex-
plained in detail using timing charts of Figs. 5A and 5B.
[0034] Note that an example of expressing gray
scales using a 4-bit digital image signal is shown in Fig.
5A.
[0035] Note also that Fig. 7 and Fig. 8 may be referred
to regarding the structure of the pixel portion and the
structure of the pixels, respectively.
[0036] In accordance with an external electric power
source (not shown in the figures), the opposing electric
potential can be switched over between an electric po-
tential on the same order as the electric potential of the
electric power source supply lines V1 to Vx (electric
power source electric potential), and an electric poten-
tial of the electric power source supply lines V1 to Vx on
an order sufficient to make the light emitting element 804
emit light.
[0037] One frame period F is divided into a plurality of
subframe periods SF1 to SF4.
[0038] The gate signal line G1 is selected first in the
first subframe period SF1, and a digital image signal is
input from the source signal lines S1 to Sx to each of
the pixels having the switching TFTs 801 with gate elec-
trodes connected to the gate signal line G1. The driver
TFT 802 of each pixel is placed in an on state or an off
state by the input digital image signal.
[0039] The term "on state" for a TFT in this specifica-
tion indicates that the TFT is in a state in which there is
conduction between the source and the drain in accord-
ance with a gate voltage. Further, the term "off state" for
a TFT indicates that there is a non-conductive state be-
tween the source and the drain in accordance with the
gate voltage.
[0040] The opposing electric potential of the light
emitting elements 804 is set nearly equal to the electric
potential of the electric power source supply lines V1 to
Vx (electric power source electric potential) at this point,
and therefore the light emitting elements 804 do not emit
light even in pixels having their driver TFT 802 in an on
state.
[0041] Fig. 5B is a timing chart showing operation
when the digital image signal is input to the driver TFT
802 of each pixel.
[0042] A sampling period in which a source signal line
driver circuit (not shown in the figures) samples signals
corresponding to each of the source signal lines are
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shown by reference symbols S1 to Sx in Fig. 5B. The
sampled signals are output at the same time to all of the
source signal lines in a return period in the figure. The
signals thus output are thus input to the gate electrodes
of the driver TFTs 802 in the pixels which have selected
gate signal lines.
[0043] The aforementioned operations are repeated
for all of the gate signal lines G1 to Gy, and a write in
period Ta1 is completed.
[0044] Note that a period for write-in during the first
subframe period SF1 is called Ta1. In general, a write
in period of a j-th sub-frame period SFj (where j is a nat-
ural number) is called Taj.
[0045] The opposing electric potential changes when
the write in period Ta1 is complete, so as to have an
electric potential difference from the electric power
source electric potential on an order so that the light
emitting element 804 will emit light. A display period Ts1
thus begins.
[0046] Note that the display period of the first sub-
frame period SF1 is called Ts1. In general, a display pe-
riod of the j-th sub-frame period SFj (where j is a natural
number) is denoted by using a reference symbol Tsj.
[0047] The light emitting elements 804 of each pixel
are placed in a light emitting state or a non-light emitting
state, corresponding to the input signal, in the display
period Ts1.
[0048] As shown in Fig. 5A, the above operations are
repeated for all of the subframe periods SF1 to SF4,
thereby completing one frame period F1.
[0049] The length of the display periods Ts1 to Ts4 of
the subframe periods SF1 to SF4 are set appropriately
here, and gray scales are expressed by an accumula-
tion of the display periods of the subframe period during
which the light emitting elements 804 emit light. In other
words, the total amount of the turn on time within one
frame period is used to express the gray scales.
[0050] A method of generally expressing 2n gray
scales by inputting an n-bit digital video signal, is ex-
plained.
[0051] One frame period is divided into n sub-frame
periods SF1 to SFn at this point, for example, and the
ratios of the lengths of the display periods Ts1 to Tsn of
the sub-frame periods SF1 to SFn are set so as to be
Ts1 :: Ts2 :: ... :: Tsn-1 :: Tsn = 20 :: 2-1 :: ... :: 2-n+2 ::
2-n+1. Note that the lengths of the write in periods Ta1
to Tan are all the same.
[0052] Within one frame period, the gray scale of the
pixels in the frame period is determined by finding the
total of the display period Ts during which a light emitting
state is selected in the light emitting elements 804. For
example, if the brightness for a case in which a pixel
emits light during all of the display periods is taken to be
100% when n = 8, then a brightness of 1% can be ex-
pressed if the pixel emits light in the display period Ts8
and in the display period Ts7. A 60% brightness can be
expressed for cases in which the pixel emits light in the
display periods Ts6, Ts4, and Ts1.

[0053] A circuit for inputting a signal in order to per-
form the above-stated time gray scale driving method to
the source signal line driver circuit and the gate signal
line driver circuit of the display is explained using Fig. 10.
[0054] Signals input to the display device are referred
to as digital video signals within this specification. Note
that the example explained here is that of a display de-
vice into which an n-bit digital video signal is input.
[0055] The display device is structured by: a display
1100 composed of a source signal line driver circuit
1107, a gate signal line driver circuit 1108, and a pixel
portion 1109; a signal control circuit 1101; and a display
controller 1102.
[0056] The digital video signal is read in by the signal
control circuit 1101, and the signal control circuit 1101
outputs a digital image signal (VD) to the display 1100.
[0057] A signal converted for input to the display 1100
in the signal control circuit, the edited digital video sig-
nal, is referred to as the digital image signal within this
specification.
[0058] Signals for driving the source signal line driver
circuit 1107 and the gate signal line driver circuit 1108
of the display 1100 are input from the display controller
1102.
[0059] The structure of the signal control circuit 1101
and the structure of the display controller 1102 are ex-
plained.
[0060] Note that the source signal line driver circuit
1107 of the display 1100 is structured by a shift register
1110, an LAT (A) 1111, and an LAT (B) 1112. In addition,
although not shown in the figures, circuits such as level
shifters and buffers may also be formed.
[0061] The signal control circuit 1101 is structured by
a CPU 1104, a memory A 1105, a memory B 1116, and
a memory controller 1103.
[0062] The digital video signal input to the signal con-
trol circuit 1101 is input to the memory A 1105 through
the CPU 1104.
[0063] In other words, the digital signal for each bit,
corresponding to each pixel, in the digital video signal
is input to the memory A 1105 and stored.
[0064] The memory A 1105 has a capacity that is ca-
pable of storing the n-bit digital signal for all pixels of the
pixel portion 1109 of the display 1100.
[0065] When one frame period portion of the digital
signal is stored in the memory A 1105, the digital signal
for each bit is read out in order by the memory controller
1103, and then input to the source signal line driver cir-
cuit as the digital image signal VD.
[0066] The digital video signal corresponding to the
next frame period is then input to the memory B 1106,
through the CPU 1104, when read out of the digital sig-
nals stored in the memory A 1105 begins, and storage
of the digital video signal in the memory B begins. Sim-
ilarly to the memory A 1105, the memory B 1106 also
has a capacity that is capable of storing the n-bit digital
signal for all pixels of the pixel portion of the display de-
vice.
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[0067] The signal control circuit 1101 thus has the
memory A 1105 and the memory B 1106, each of which
is capable of storing one frame period portion of the n-
bit digital signal. The digital video signal is sampled us-
ing the memory A 1105 and the memory B 1106 alter-
nately.
[0068] The signal control circuit 1101 for storing sig-
nals by using the two memories alternately, namely the
memory A 1105 and the memory B 1106, is shown here.
In general, however, memories capable of storing infor-
mation corresponding to a plurality of frame portions are
used. These memories can be used alternately.
[0069] The structure of the memory controller 1103,
used for controlling input of the digital video signal to,
and read out of the signals from, the memory A 1105
and the memory B 1106 of the signal control circuit 1101,
is explained using Fig. 11.
[0070] In Fig. 11, the memory controller 1103 is struc-
tured by a memory read/write control (hereafter referred
to as memory R/W) circuit 1202, a standard oscillator
circuit 1203, a variable frequency divider circuit 1204,
an x-counter 1205a, a y-counter 1205b, an x-decoder
1206a, and a y-decoder 1206b.
[0071] Both memories, namely the memory A and the
memory B, of the aforementioned signal control circuit
are hereafter taken together and denoted as memory.
Further, the memory is structured by a plurality of mem-
ory elements, and the memory elements are selected
by using (x,y) addresses.
[0072] Signals from the CPU 1104 are input to the
standard oscillator circuit 1203. Signals from the stand-
ard oscillator circuit 1203 are input to the variable fre-
quency divider circuit 1204 and converted to signals
having an appropriate frequency. The signals from the
variable frequency divider circuit 1204 select x address-
es of the memory through the x-counter 1205a and the
decoder 1206a. At the same time, the signals from the
variable frequency divider circuit 1204 select y address-
es of the memory through the y-counter 1205b and the
y-decoder 1206b. In this way, the addresses of the
memory (x, y) are selected. Furthermore, signals from
the CPU 1104 are input to the memory R/W circuit 1202,
and a memory R/W signal for selecting write in operation
of the signal to the memory, or read out operation of the
signal from the memory, is output.
[0073] Memory addresses for writing in, or reading
out, the digital signals are thus selected by the memory
x address and the memory y address. Operations for
write of the digital signal to, or read out of the digital sig-
nal from, the memory element selected by this address
are performed in accordance with the memory R/W sig-
nal.
[0074] Next, the structure of the display controller
1102 in Fig. 10 is explained below.
[0075] The display controller 1102 outputs signals
such as start pulses (S_SP, G_SP) and clock pulses
(S_CLK, G_CLK) to the source signal line driver circuit
1107 and to the gate signal line driver circuit 1108.

[0076] The structure of the display controller 1102 is
explained using Fig. 12.
[0077] The display controller 1102 is structured by a
standard clock generator circuit 1301, a horizontal clock
generator circuit 1303, a vertical clock generator circuit
1304, and an electric power source control circuit 1305
used for the light emitting elements.
[0078] A clock signal 31 input from the CPU 1104 is
input to the standard clock generator circuit 1301, and
a standard clock is generated. The standard clock is in-
put to the horizontal clock generator circuit 1303 and to
the vertical clock generator circuit 1304. Further, a hor-
izontal period signal 32 for determining a horizontal pe-
riod is input from the CPU 1104 to the horizontal clock
generator circuit 1303, and the clock pulse S_CLK and
the start pulse S_SP used for the source signal line driv-
er circuit are output. At the same time, a vertical period
signal 33 for determining a vertical period is input from
the CPU 1104 to the vertical clock generator circuit
1304, and the clock pulse G_CLK and the start pulse
G_SP used for the gate signal line driver circuit are out-
put.
[0079] Fig. 10 will be referred to again.
[0080] The start pulse S_SP and the clock pulse
S_CLK output from the display controller 1102 and used
for the source signal line driver circuit are input to the
shift register 1110 of the source signal line driver circuit
1107 in the display 1100. Further, the start pulse G_SP
and the clock pulse G_CLK used for the gate signal line
driver circuit are input to the gate signal line driver circuit
1108 of the display 1100.
[0081] In the display controller 1102, the electric pow-
er source controller circuit 1305 used for the light emit-
ting element maintains the electric potential of the op-
posing electrode of the light emitting element of each
pixel in the display at the same electric potential as the
electric power source electric potential during the write
in period. Further, the electric power source controller
circuit 1305 controls the electric potential of the oppos-
ing electrode so that it changes to have an electric po-
tential difference, with respect to the electric power
source electric potential, on an order such that the light
emitting element emits light.
[0082] The display device thus displays an image.
[0083] It is preferable that the display device have as
little electric power consumption as possible here. Low
electric power consumption is especially desirable if the
display device is incorporated into a portable informa-
tion device or the like to be utilized.
[0084] A method of suppressing the electric power
consumption of the display device by reducing the
number of gray scales during image display (the number
of gray scales expressed) in the case in which a multiple
gray scale display is not required, is proposed.
[0085] This method is explained in detail below using
a timing chart of Fig. 9.
[0086] A display device, into which a 4-bit signal is in-
put to thereby display 24 gray scales, is noticed. Gray
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scales are expressed by using only the most significant
1-bit signal (digital signal) in accordance with a switch-
ing signal. A method of reducing the electric power con-
sumption of the display device is explained here in an
example.
[0087] A case of inputting a 4-bit digital video signal
and expressing 24 gray scales is referred to as a first
display mode, and a case of expressing two gray scales
by using only the most significant 1-bit signal is referred
to as a second display mode.
[0088] Note that, in general, in the case of using an
n-bit signal as the input digital video signal, the expres-
sion of gray scales using the n-bit signal is referred to
as the first display mode. The expression of gray scales
using only m bits of the signal (where m is a natural
number less than n) from among the n bits is referred
to as the second display mode.
[0089] Note that the first bit of the n-bit digital image
signal is taken as the most significant bit, and that the
n-bit is taken as the least significant bit.
[0090] In the second display mode, gray scales are
expressed without using the signal corresponding to the
lower bits of the digital image signal in the first display
mode.
[0091] One frame period is divided into four sub-frame
periods SF1 to SF4. The sub-frame periods SF1 to SF4
express in order the sub-frame period corresponding to
the most significant bit to the sub-frame period corre-
sponding to the least significant bit, and appear in this
order to structure one frame period.
[0092] In the first display mode, the gray scales are
expressed using all of the input 4-bit digital video signal,
and therefore the signal input from the signal controller
circuit to the source signal line driver circuit is the same
as the case of expressing gray scales using the 4-bit
digital image signal. Further, the clock pulse S_CLK and
the start pulse S_SP for the source signal line driver cir-
cuit and the clock pulse G_CLK and the start pulse
G_SP for the gate signal line driver circuit which are out-
put from the display controller, are also the same as
those used in the case of expressing gray scales using
the 4-bit digital image signal.
[0093] A method of driving the display device in the
second display mode is explained below.
[0094] A timing chart showing the method of driving
the display device in the second display mode is shown
in Fig. 9.
[0095] Signals are input to respective pixels in the first
sub-frame period SF1. When the signals are input to all
of the pixels, the opposing electric potential changes to
have an electric potential difference from the electric
power source electric potential so that the light emitting
elements emit light. The light emitting elements of all of
the pixels are thus placed in a light emitting state or a
non-light emitting state.
[0096] Operations in the first sub-frame period are the
same as the operations performed in the first display
mode.

[0097] Next, the digital image signal is also similarly
written to all of the pixels in the write in period of the
second sub-frame period. However, in the following dis-
play period, the electric potential of the opposing elec-
trode does not change so as to have an electric potential
difference from the electric power source electric poten-
tial so that the light emitting element emit light. That is,
the light emitting elements of the pixels do not emit light
in the display period of the second sub-frame period,
regardless of the signals input to the pixels. This period
is denoted as non-display.
[0098] Operations in the second sub-frame period are
similarly repeated in the third sub-frame period and in
the fourth sub-frame period to thus complete one frame
period.
[0099] The period in which the pixels perform display
during one frame period is only the first sub-frame peri-
od. The number of times that the light emitting elements
of the pixels emit light can thus be lowered in the second
display mode, and the electric power consumption of the
display device can be reduced.
[0100] In a conventional display device, each pixel of
the display device does not perform display in a period
except a sub-frame period which is corresponding to an
upper bit in switching to a second display mode for ex-
pressing gray scales without using information of lower
bits. However, in each driver circuit (source signal line
driver circuit and gate signal line driver circuit), write in
operation of the digital video signal to each pixel is per-
formed. At this time, start pulses, clock pulses and the
like are input to each driver circuit of the display device
to thereby continue the operation.
[0101] Therefore, even in the second display mode in
which gray scale display is performed with a small
amount of information, each of the driver circuits repeat-
edly performs sampling of the digital image signal, which
is the same as sampling operations in the first display
mode. Electric power is therefore consumed for sam-
pling, and there is a problem that the electric power con-
sumption cannot be made smaller.
[0102] Furthermore, in the sub-frame periods except
the sub-frame period during which display is actually
performed, the pixels are all uniformly in a non-display
state during which light is not emitted. There is therefore
a problem that the proportion of the effective display pe-
riod in one frame period is small.

SUMMARY OF THE INVENTION

[0103] An object of the present invention is to provide
a display device in which electric power consumption is
small and in which the proportion that an effective dis-
play period occupies per one frame period is large, in
the case of performing drive in which the number of gray
scales expressed is reduced. In addition, an object of
the present invention is to provide a method of driving
the display device.
[0104] Write in of the lower significant bits of a digital
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video signal to a memory is eliminated by a memory con-
troller of a signal control circuit in a display device during
a second display mode as compared to a first display
mode. Further, read out of the lower significant bits of
the digital signal from the memory is also eliminated.
Each driver circuit thus inputs a digital image signal with
a reduced amount of information (a second digital image
signal) to a source signal line driver circuit in comparison
to a digital image signal in the first display mode (a first
digital image signal). Corresponding to this operation, a
display controller functions to produce start pulses and
clock pulses each with a lower frequency which are input
to each of the driver circuits (the source signal line driver
circuit and a gate signal line driver circuit). Write in pe-
riods and display periods of the sub-frame periods par-
ticipating in display can thus be set longer.
[0105] A display device in which the electric power
consumption is small and in which the proportion that
an effective display period occupies per one frame pe-
riod is large, can thus be provided in accordance with
the above structure, as well as a method of driving the
display device.
[0106] Structures of the present invention are dis-
cussed below.
[0107] In accordance with the present invention, a dis-
play device is provided, in which:

one frame period is divided into a plurality of sub-
frame periods;
turn on or turn off is performed in the sub-frame pe-
riods, and gray scales are expressed by the total
amount of turn on time within the one frame period;
there is a first display mode in which one frame pe-
riod is divided into n sub-frame periods (where n is
a natural number), and a second display mode in
which one frame period is divided into m sub-frame
periods (where m is a natural number less than n).

[0108] In accordance with the present invention, a dis-
play device is provided, and the display device has:

a display; and
a display controller for supplying a clock signal,

wherein one frame period is divided into a plurality
of sub-frame periods,

wherein turn on or turn off is performed in the sub-
frame periods, and gray scales are expressed by the
total amount of turn on time within the one frame period
and

wherein the display controller supplies clock sig-
nals with different frequencies to the display in accord-
ance the number of gray scales expressed.
[0109] In accordance with the present invention, a dis-
play device is provided, and the display device has a
memory for storing one frame period of digital video sig-
nals,

wherein the one frame period is divided into a plu-

rality of sub-frame periods,
wherein turn on or turn off is performed in the sub-

frame periods, and gray scales are expressed by the
total amount of turn on time within the one frame period,
and

wherein the digital video signals stored in the
memory are read out at different frequencies.
[0110] In accordance with the present invention, a dis-
play device is provided, and the display device has:

a display;
a display controller for supplying a clock signal; and
a memory for storing one frame period of digital vid-
eo signals,

wherein one frame period is divided into a plurality
of sub-frame period,

wherein turn on or turn off is performed in the sub-
frame periods, and gray scales are expressed by the
total amount of turn on time within the one frame period,
and

wherein the display controller supplies clock sig-
nals with different frequencies to the display in accord-
ance with the number of gray scales expressed, and the
digital video signals stored in the memory are read out
at different frequencies.
[0111] In accordance with the present invention, a dis-
play device is provided, and the display device has:

a display; and
a display controller for supplying a clock signal,

wherein one frame period is divided into a plurality
of sub-frame periods,

wherein turn on or turn off is performed in the sub-
frame periods, and gray scales are expressed by the
total amount of turn on time within the one frame period,

wherein there is a first display mode in which the
one frame period is divided into n sub-frame periods
(where n is a natural number), and a second display
mode in which the one frame period is divided into m
sub-frame periods (where m is a natural number less
than n), and

wherein the display controller supplies a clock sig-
nal with a different frequency to the display in the first
display mode from in the second display mode.
[0112] In accordance with the present invention, a dis-
play device is provided, the display device has a mem-
ory for storing one frame period of digital video signals,

wherein the one frame period is divided into a plu-
rality of sub-frame periods,

wherein turn on or turn off is performed in the sub-
frame periods, and gray scales are expressed by the
total amount of turn on time within the one frame period,

wherein there is a first display mode in which the
one frame period is divided into n sub-frame periods
(where n is a natural number), and a second display
mode in which the one frame period is divided into m
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sub-frame periods (where m is a natural number less
than n); and

wherein the digital video signals stored in the
memory are read out at a different frequency in the first
display mode from in the second display mode.
[0113] In accordance with the present invention, a dis-
play device is provided, the display device has:

a display;
a display controller for supplying a clock signal; and
a memory for storing one frame period of digital vid-
eo signals,

wherein one frame period is divided into a plurality
of sub-frame periods,

wherein turn on or turn off is performed in the sub-
frame periods, and gray scales are expressed by the
total amount of turn on time within the one frame period,

wherein there is a first display mode in which the
one frame period is divided into n sub-frame periods
(where n is a natural number), and a second display
mode in which the one frame period is divided into m
sub-frame periods (where m is a natural number less
than n); and

wherein the display controller supplies a clock sig-
nal with a different frequency to the display in the first
display mode from in the second display mode, and the
digital video signals stored in the memory are read out
at a different frequency in the first display mode from in
the second display mode.
[0114] The display device may also be one in which
the brightness during turn on in the sub-frame periods
differs in accordance with the number of gray scales ex-
pressed.
[0115] The display device may also be one in which
the brightness during turn on in the sub-frame periods
differs between the first display mode and the second
display mode.
[0116] In accordance with the present invention, a dis-
play device is provided, the display device has a display
and a memory,

wherein the display has a plurality of pixels,
wherein each of the plurality of pixels has a light

emitting element,
wherein digital video signals are written to the

memory,
wherein a digital image signal is output to the dis-

play from the memory,
wherein one frame period is divided into a plurality

of sub-frame periods,
wherein each of the plurality of sub-frame periods

has a write in period for inputting the digital image signal
to the plurality of pixels, and a display period for placing
the light emitting elements into a light emitting state or
a non-light emitting state in accordance with the digital
image signal input to the plurality of pixels during the
write in period,

wherein display of an image is performed by

switching between: a first display mode in which gray
scales are expressed by using first bit to n-th bit signals
(where n is a natural number) of the digital video signal;
and a second display mode in which gray scales are ex-
pressed by using first bit to m-th bit signals (where m is
a natural number less than n) of the digital video signal,

wherein the first bit to n-th bit signals of the digital
video signal are stored in the memory in the first display
mode, and the first bit to the m-th bit signals of the digital
video signal are stored in the memory in the second dis-
play mode, and

wherein the write in period and the display period
of the sub-frame period corresponding to a t-bit (where
t is a natural number less than m) in the second display
mode are respectively longer than the write in period
and the display period of the sub-frame period corre-
sponding to a t-bit in the first display mode.
[0117] In accordance with the present invention, a dis-
play device is provided, the display device has a display
and a memory,

wherein the display has a plurality of pixels,
wherein each of the plurality of pixels has a light

emitting element,
wherein digital video signals are written to the

memory,
wherein a digital image signal is output to the dis-

play from the memory,
wherein one frame period is divided into a plurality

of sub-frame periods,
wherein each of the plurality of sub-frame periods

has a write in period for inputting the digital image signal
to the plurality of pixels, and a display period for placing
the light emitting elements into a light emitting state or
a non-light emitting state in accordance with the digital
image signal input to the plurality of pixels during the
write in period,

wherein display of an image is performed by
switching between: a first display mode in which gray
scales are expressed by using first bit to n-th bit signals
(where n is a natural number) of the digital video signal;
and a second display mode in which gray scales are ex-
pressed by using first to m-th bit signals (where m is a
natural number less than n) of the digital video signal,

wherein n sub-frame periods exist in the first dis-
play mode,

wherein the ratio of lengths of display periods Ts1
to Tsn which the n sub-frame periods respectively have
is 20 : 2-1 : 2-(n-2) : 2-(n-1),

wherein m sub-frame periods exist in the second
display mode,

wherein the ratio of lengths of display periods Ts1
to Tsm of the which the m sub-frame periods respective-
ly have is 20 : 2-1 : 2-(m-2) : 2-(m-1),

wherein switching takes place between the first
display mode in which the first bit to the n-th bit signals
of the digital video signal are stored in the memory, and
the second display mode in which the first bit to the m-
bit signals of the digital video signal are stored in the
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memory, and
wherein the write in period and the display period

of the sub-frame period corresponding to a t-bit in the
second display mode are respectively longer than the
write in period and the display period of the sub-frame
period corresponding to a t-bit in the first display mode
(where t is a natural number less than m).
[0118] The display device may also be one in which
the electric potential of the opposing electrode of the
light emitting element is changed so that the brightness
of light emitted from the light emitting element in a light
emitting state becomes less in the display period corre-
sponding to the t-bit in the second display mode, than
that in the display period corresponding to the t-bit in
the first display mode.
[0119] In accordance with the present invention, a dis-
play device is provided, the display device has a signal
control circuit, a display controller, and a display,

wherein the display has a source signal line driver
circuit, a gate signal line driver circuit, and a plurality of
pixels,

wherein each of the plurality of pixels has a light
emitting element,

wherein the signal control circuit has a CPU, a
memory, and a memory controller,

wherein the display controller inputs a clock pulse
for the source signal line driver circuit and a start pulse
for the source signal line driver circuit to the source sig-
nal line driver circuit, and inputs a clock pulse for the
gate signal line driver circuit and a start pulse for the
gate signal line driver circuit to the gate signal line driver
circuit,

wherein digital video signals are written to the
memory,

wherein a digital image signal is output from the
memory to the display,

wherein one frame period is divided into a plurality
of sub-frame periods,

wherein each of the plurality of sub-frame periods
has a write in period for inputting the digital image signal
to the plurality of pixels, and a display period for placing
the light emitting elements into a light emitting state or
a non-light emitting state in accordance with the digital
image signal input to the plurality of pixels during the
write in period,

wherein display of an image is performed by
switching between a first display mode in which gray
scales are expressed by using first bit to n-th bit signals
(where n is a natural number) of the digital video signal,
and a second display mode in which gray scales are ex-
pressed by first to a m-bit signals (where m is a natural
number less than n) of the digital video signal,

wherein, in the first display mode, the memory
controller writes the first bit to n-th bit of the digital video
signal to the memory from the CPU, and further, outputs
the digital video signal written into the memory to the
source signal line driver circuit as the digital image sig-
nal,

wherein, in the second display mode, the memory
controller writes the first bit to m-bit of the digital signal
to the memory from the CPU, and further, outputs the
digital video signal written into the memory to the source
signal line driver circuit as the digital image signal, and

wherein the display controller lowers frequency of
each of the clock pulse for the source signal line driver
circuit, the start pulse for the source signal line driver
circuit, the clock pulse for the gate signal line driver cir-
cuit, and the start pulse for the gate signal line driver
circuit in the second display mode compared to those in
the first display mode.
[0120] The display device may also be one in which:

the display controller has a variable frequency di-
vider circuit;
a gray scale controller signal is input to the variable
frequency divider circuit; and
frequency of each of the clock pulse for the source
signal line driver circuit, the start pulse for the
source signal line driver circuit, the clock pulse for
the gate signal line driver circuit, and the start pulse
for the gate signal line driver circuit are made lower
in the second display mode compared to those in
the first display mode.

[0121] The display device may also be one in which:

the display controller has an electric power source
controller circuit used for the light emitting element;
and
the electric potential of the opposing electrode of
the light emitting element is changed so that the
brightness of light emitted from the light emitting el-
ement in a light emitting state becomes less in the
display period corresponding to the t-bit in the sec-
ond display mode, than that in the display period
corresponding to the t-bit in the first display mode
(where t is a natural number less than m).

[0122] The display device of the present invention
may be used in video cameras, DVD playback devices,
television receivers, heat mounted displays, portable in-
formation terminals, personal computers, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0123] In the accompanying drawings:

Figs. 1A and 1B are diagrams showing timing charts
for a method of driving a display device of the
present invention;
Fig. 2 is a diagram showing a structure of a memory
controller of the display device of the present inven-
tion;
Fig. 3 is a diagram showing a structure of a display
controller of the display device of the present inven-
tion;
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Fig. 4 is a clock diagram showing a structure of the
display device of the present invention;
Figs. 5A and 5B are diagrams showing timing charts
for a time gray scale driving method;
Fig. 6 is a block diagram showing the structure of
the display device of the present invention;
Fig. 7 is a diagram showing a structure of a pixel
portion of the display device;
Fig. 8 is a diagram showing a structure of a pixel of
the display device;
Fig. 9 is a diagram showing a timing chart of a con-
ventional method of driving a display device
Fig. 10 is a block diagram showing a structure of
the conventional display device;
Fig. 11 is a diagram showing a structure of a mem-
ory controller of the conventional display device;
Fig. 12 is a diagram showing a structure of a display
controller of the conventional display device;
Figs. 13A to 13C are diagrams showing a method
of sealing a light emitting element of the display de-
vice of the present invention;
Figs. 14A to 14F are diagrams showing electronic
equipment of the present invention;
Fig. 15 is a diagram showing a structure of a source
signal line driver circuit of the display device of the
present invention; and
Fig. 16 is a diagram showing a structure of a gate
signal line driver circuit of the display device of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0124] An embodiment mode of the present invention
is explained.
[0125] Timing charts for a method of driving a display
device of the present invention are shown in Figs. 1A
and 1B.
[0126] A display device into which a 4-bit digital video
signal is input, is focused upon in Figs. 1A and 1B. A
4-bit digital image signal is input to a display to perform
display of an image in a first display mode. In a second
display mode, a gray scale is expressed by a 1-bit digital
image signal, using only the most significant one bit of
the digital video signal from among the four bits of the
digital video signal. Although an example is explained
in the embodiment mode using the aforementioned
case, a display device of the present invention is not
limited to this case.
[0127] In general, a display device into which an n-th
bit digital video signal (where n is a natural number) is
input, is focused upon. It is possible to express 2n gray
scales by using n sub-frame periods SF1 to SFn and
the n-th bit digital image signal in the first display mode.
On the other hand, 2m gray scales are expressed by us-
ing an m-bit digital image signal (where m is a natural
number less than n) in the second display mode in ac-
cordance with switch-over operation. The present in-

vention can also be applied to such a case.
[0128] Further, a display device into which n-th bit dig-
ital video signal is input (where n is a natural number)
is more generally focused upon. In the first display
mode, the n-th bit digital image signal is input, and it is
possible to express w gray scales (where w is a natural
number) using r sub-frame periods (where r is a natural
number). On the other hand, u gray scales (where u is
a natural number smaller than w) are expressed in the
second display mode by using s sub-frame periods
(where s is a natural number less than r) and m-th bit
the digital image signal (where m is a natural number
less than n) in accordance with switch-over operation.
The present invention can also be applied to such a
case.
[0129] A timing chart in a case of the first display
mode, in which the 4-bit signal is input and 24 gray
scales are expressed, is shown in Fig. 1A.
[0130] Each pixel is selected to be in a light emitting
state or in a non-light emitting state in a display period
in each of sub-frame periods SF1 to SF4 structuring one
frame period. An opposing electric potential is set to be
nearly the same as an electric power source electric po-
tential during write in periods, and is changed in the dis-
play periods so as to have an electric potential differ-
ence from the electric power source electric potential to
an extent that light emitting elements will emit light.
[0131] These operations are similar to the conven-
tional example, and a detailed explanation is therefore
omitted.
[0132] A timing chart in a case of the second display
mode for expressing gray scales using only the most
significant one bit signal is shown in Fig. 1B.
[0133] Compared to the first display mode shown in
Fig. 1A, the write in period and the display period are
set longer, and one frame period roughly corresponds
to a first sub-frame period.
[0134] The structure of a display device for performing
the aforementioned driving operations is explained be-
low.
[0135] A block diagram of the display device for per-
forming the above operations is shown in Fig. 4 and Fig.
6.
[0136] The display device is structured by a signal
control circuit 101, a display controller 102, and a display
100.
[0137] The display controller 102 supplies a start
pulse SP and a clock pulse CLK to the display 100.
[0138] The signal control circuit 101 is structured by
a CPU 104, a memory A 105, a memory B 106, and a
memory controller 103.
[0139] An example of a display device is shown in Fig.
4 into which the 4-bit digital video signal is input, and
which expresses gray scales using the 4-bit digital im-
age signal in the first display mode. The memory A 105
is structured by memories 105_1 to 105_4 for storing a
first bit to a fourth bit, respectively, of the digital video
signal. Similarly, the memory B 106 is structured by
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memories 106_1 to 106_4 for storing a first bit to a fourth
bit, respectively, of the digital video signal. The memo-
ries corresponding to each bit of the digital signal each
have a plurality of memory elements capable of storing
one bit of the signal as many as the number of pixels
structuring one screen.
[0140] In general, the memory A is structure by mem-
ories 105_1 to 105_n for storing a first bit to a n-th bit of
information, respectively, in a display device which is ca-
pable of expressing gray scales by using an n-th bit dig-
ital image signal. Similarly, the memory B is structure by
memories 106_1 to 106_n for storing the first bit to the
n-th bit of information, respectively. The memories cor-
responding to each bit of information each have a ca-
pacity that is capable of storing one bit of the signal as
many as the number of pixels structuring one screen.
[0141] The structure of the memory controller 103 of
Fig. 4 is shown in Fig. 2.
[0142] The memory controller 103 is structured by a
gray scale limiter circuit 201, a memory R/W circuit 202,
a standard oscillator circuit 203, a variable frequency
divider circuit 204, an x-counter 205a, a y-counter 205b,
an x-decoder 206a, and a y-decoder 206b in Fig. 2.
[0143] The above-described memory A and the mem-
ory B are both taken together and denoted as memory.
Furthermore, the memory is structured by a plurality of
memory elements. The memory elements are selected
by using (x,y) addresses.
[0144] A signal from the CPU 104 is input to the mem-
ory R/W circuit 202 through the gray scale limiter circuit
201. The gray scale limiter circuit 201 inputs the signal
to the memory R/W circuit 202 in accordance with either
the first display mode or the second display mode. The
memory R/W circuit 202 selects whether or not to write
the digital video signal corresponding to each bit into the
memory, in accordance with the signal from the gray
scale limiter circuit 201. Similarly, the digital signal writ-
ten into the memory is selected in read out operation.
[0145] Further, the signal from the CPU 104 is input
to the standard oscillator circuit 203. A signal from the
standard oscillator circuit 203 is input to the variable fre-
quency divider circuit 204, and converted to a signal with
a suitable frequency. A signal from the gray scale limiter
circuit 201 is input to the variable frequency divider cir-
cuit 204, in accordance with either the first display mode
or the second display mode. Based on the input signal,
a signal from the variable frequency divider circuit 204
selects the x-address of the memory, through the x-
counter 205a and the x-decoder 206a. Similarly, a signal
from the variable frequency divider circuit 204 is input
to the y-counter 205b and to the y-decoder 206b, and
selects the y-address of the memory.
[0146] The amount of information for the signal written
into the memory and for the signal (digital image signal)
output from the memory, taken from the digital video sig-
nal input to the signal controller circuit, can be controlled
by using memory controller 103 with the above structure
in the case where high level gray scale display is not

necessary. Further, the frequency for reading out the
signal from the memory can be changed.
[0147] The above describes the memory controller
103.
[0148] Further, the structure of the display controller
102 in Fig. 4 is explained.
[0149] Fig. 3 is a diagram showing the structure of the
display controller of the present invention.
[0150] The display controller 102 is structured by a
standard clock generator circuit 301, a variable frequen-
cy divider circuit 302, a horizontal clock generator circuit
303, a vertical clock generator circuit 304, and an elec-
tric power source 305 used for the light emitting ele-
ments.
[0151] A clock signal 31 input from the CPU 104 is
input to the standard clock generator circuit 301, and a
standard clock is generated. The standard clock is input
to the horizontal clock generator circuit 303 and to the
vertical clock generator circuit 304, through the variable
frequency divider circuit 302. A gray scale control signal
34 is input to the variable frequency divider circuit 302.
The frequency of the standard clock is changed in ac-
cordance with the gray scale control signal 34.
[0152] The extent that the frequency of the standard
clock is changed in the variable frequency divider circuit
302 can be suitably determined by the operator. This is
because the sub-frame periods in the first display mode,
which are corresponding to the bits participating in the
expression of gray scales in the second display mode,
differ in accordance with their occupied proportion to
one frame period.
[0153] In other words, in the second display mode, the
sub-frame periods within one frame period are cut with
respect to the first display mode. With the present in-
vention, the effective display period within one frame pe-
riod is set longer even in the second display mode, and
therefore the standard clock frequency is changed in the
variable frequency divider circuit 302. The percentage
of the change in the frequency can be determined in ac-
cordance with the proportion of bits removed.
[0154] Further, a horizontal period signal 32 which de-
termines a horizontal period is input to the horizontal
clock circuit 303 from the CPU 104, and the clock pulse
S_CLK and the start pulse S_SP for the source signal
line driver circuit are output. Similarly, a vertical period
signal 33 which determines a vertical period is input to
the vertical clock circuit 304 from the CPU 104, and the
clock pulse G_CLK and the start pulse G_SP for the
gate signal line driver circuit are output.
[0155] The above explains the display controller 102.
[0156] The display device of the present invention
thus eliminates read out of the less significant bits of the
signal from the memory in the memory controller of the
signal controller circuit during the second display mode.
Further, the frequency for reading out signals from the
memory is made smaller. Corresponding to these oper-
ations, the display controller lowers the frequency of the
sampling pulse SP and the frequency of the clock pulse
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CLK input to each of the driver circuits (the source signal
line driver circuit and the gate signal line driver circuit),
and lengthens the write in period and the display period
of the sub-frame period for expressing the image.
[0157] For example, one frame period is divided into
four sub-frame periods in the first display mode. With
the ratio of the display periods Ts1, Ts2, Ts3, and Ts4 of
the respective sub-frame periods set to be 20 :: 2-1 ::
2-2 :: 2-3, a display device for expressing 24 gray scales
using a 4-bit digital image signal is considered. For sim-
plicity, the lengths of the display periods Ts1 to Ts4 of
each sub-frame period are taken to be 8, 4, 2, and 1,
respectively. Further, the lengths of the write in periods
Ta1 to Ta4 of each sub-frame period are taken to be 1.
Furthermore, a case of expressing gray scales using the
most significant bit of the signal in the second display
mode is considered.
[0158] The occupied proportion per one frame period
by the sub-frame period in the first display mode, that
corresponds to the bit participating in gray scale expres-
sion in the second display mode, becomes 9/19.
[0159] In other words, the sub-frame period participat-
ing in gray scale expression in the second display mode
is the sub-frame period (denoted by the reference sym-
bol SF1) corresponding to the most significant bit. The
occupied proportion per one frame period by SF1 in the
first display mode is 9/19.
[0160] If the structure of the present invention is not
used, for example, as a case of using the conventional
driving method shown in Fig. 9, 10/19 of one frame pe-
riod becomes the period which is not participating in dis-
play.
[0161] On the other hand, in accordance with the
structure of the present invention, the frequency of the
clock signal or the like input to each driver circuit of the
display is changed in the second display mode, and the
write in period is set to have a length that is 19/9 times
the length of the write in period in the first display mode.
Similarly, the display period is also set to have a length
that is 19/9 times the length of the display period Ts1 of
the sub-frame period SF1 which is corresponding to the
most significant bit in the first display mode. The sub-
frame period Sf1 can thus be made to occupy one frame
period. The periods which do not participate in display
during one frame period can thus be reduced in the sec-
ond display mode.
[0162] In general, a display device which has a first
display mode for expressing gray scales using a first bit
to a n-th bit signal (where n is a natural number), and
has a second display mode for expressing gray scales
using the first bit to a m- th bit signal (where m is a nat-
ural number less than n) is focused upon.
[0163] The occupied proportion per one frame period
by the sub-frame periods in the first display mode, that
correspond to the bits participating in gray scale expres-
sion in the second display mode, becomes 1/q (where
q is a number greater than 1).
[0164] In other words, a case, in which the occupied

proportion per one frame period by the sub-frame peri-
ods corresponding to the first bit to the m-th bit is 1/q
(where q is a number greater than 1) in the first mode,
is considered.
[0165] In a sub-frame period corresponding to a t-th
bit in the second display mode (where t is a natural
number less than or equal to m), the frequency of each
signal (such as clock pulses and start pulses) input to
each driver circuit of the display (the source signal line
driver circuit and the gate signal line driver circuit) is
changed to be 1/q times its original value, and a write in
period with a length that is q times the length of the write
in period of the sub-frame period corresponding to the
t-th bit in the first display mode is set. Similarly, in ac-
cordance with setting the length of the display period to
be q times the length of the display period of the sub-
frame period corresponding to the t-th bit in the first dis-
play mode (where t is a natural number less than or
equal to m), display of an image can also be performed
by sufficient use of one frame period.
[0166] The display period per one frame period of the
light emitting element can thus also be made increased
in the second display mode.
[0167] Therefore, in the second display mode, the
brightness of the light emitting element selected to be
in a light emitting state in the display period of the sub-
frame period corresponding to the most significant bit
can be made smaller compared to the brightness of the
light emitting element selected to be in a light emitting
state in the display period of the sub-frame period cor-
responding to the most significant bit in the first display
mode. Consequently, the voltage applied between an
anode and a cathode of the light emitting element can
be set lower in the display periods with the second dis-
play mode.
[0168] A method of changing the voltage applied be-
tween the anode and the cathode of the light emitting
element in accordance with the display mode, is ex-
plained.
[0169] During the write in period, the electric power
source control circuit 305 in Fig. 3 used for the light emit-
ting element maintains the electric potential of the op-
posing electrode (opposing electric potential) of the light
emitting element at an electric potential which is nearly
the same as the electric power source electric potential.
In the display period, the electric potential of the oppos-
ing electrode of the light emitting element is controlled
so as to have an electric potential difference from the
electric power source electric potential to an extent that
the light emitting element will emit light. The gray scale
control signal 34 is also input to the electric power
source control circuit 305 here. The electric potential of
the opposing electrode of the light emitting element is
thus changed in order that the voltage applied between
both electrodes of the light emitting element becomes
smaller by an amount that the light emitting period for
the light emitting element becomes longer.
[0170] In general, a case is considered, in which the
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display period of a sub-frame period corresponding to
the t-th bit in the second display mode (where t is a nat-
ural number less than or equal to m) is set to have a
length that is q times the length of the display period of
the sub-frame period corresponding to the t-th bit in the
first display mode (where q is a number larger than 1).
The brightness of the light emitting element selected to
be in a light emitting state in the sub-frame period cor-
responding to the t-th bit in the second display mode
can be set equal to 1/q times the brightness of the light
emitting element selected to be in a light emitting state
in the sub-frame period corresponding to the t-th bit in
the first display mode.
[0171] The voltage applied between both the elec-
trodes of the light emitting element can be made smaller
in the second display mode, and therefore stress on the
light emitting element due to the applied voltage can al-
so be made smaller.
[0172] Note that although the display device shown is
one which switches between the first display mode and
the second display mode, the present invention can also
be applied to a case in which, in addition to the first dis-
play mode and the second display mode, at least one
more mode in which the number of gray scales ex-
pressed is changed are additionally established, and
display is performed by switching between the plurality
of modes.
[0173] Pixels with the structure shown in Fig. 8 in the
conventional example can be used here to structure the
pixel portion of the display of the display device accord-
ing to the present invention. Further, pixels with another
known structure can also be freely used.
[0174] For example, the following two types of pixels
can be applied. The first type is a pixel in which the
brightness of a light emitting element is determined by
setting the voltage applied between the anode and the
cathode of the light emitting element. The pixel with the
structure shown in Fig. 8 corresponds to this type. The
second type is a pixel in which the brightness of the light
emitting element is determined by setting the electric
current flowing through the light emitting element.
[0175] Furthermore, circuits with known structures
can be freely used for the source signal line driver circuit
and the gate signal line driver circuit of the display of the
display device according to the present invention.
[0176] In addition, it is also possible to apply the
present invention not only to a display device using
OLED elements, but also to self-light emitting type dis-
play devices using FDPs, PDPs, and the like as light
emitting elements.

Embodiments

[0177] Embodiments of the present invention are ex-
plained below.

[Embodiment 1]

[0178] An example of the structure of a source signal
line driver circuit of a display device according to the
present invention is explained in Embodiment 1.
[0179] Fig. 15 shows an example of the structure of a
source signal line driver circuit.
[0180] The source signal line driver circuit is struc-
tured by a shift register, a scanning direction switching
circuit, an LAT (A) and an LAT (B). Note that, although
only an LAT (A) portion 2612 and an LAT (B) portion
2618 which are corresponding to one of outputs from
the shift register are shown in Fig. 15, the LAT (A) and
the LAT (B) correspond to all of the outputs from the shift
register using a similar structure.
[0181] A shift register 2601 is structure clocked invert-
ers 2602 and 2603, an inverter 2604, and a NAND 2607.
A start pulse S_SP for the source signal line driver circuit
is input to the shift register 2601. By changing the state
of the clocked inverters 2602 and 2603 between a con-
ductive state and a non-conductive state in accordance
with a clock pulse S_CLK for the source signal line driver
circuit and an inverted clock pulse S_CLKB for the
source signal line driver circuit which has an inverse po-
larity to that of the clock pulse S_CLK, sampling pulses
are output in order from the NAND 2607 to the LAT (A).
[0182] Further, the scanning direction switching cir-
cuit is structure by a switch 2605 and a switch 2606, and
works to switch the operation direction of the shift reg-
ister between left and right directions. In Fig. 15, the shift
register outputs sampling pulses in order from the left to
the right in the case in which a left and right switching
signal L/R corresponds to a Lo signal. On the other
hand, if the left and right switching signal L/R is a Hi
signal, then sampling pulses are output in order from the
right to the left.
[0183] Each stage of an LAT (A) 2613 is structured by
clocked inverters 2614 and 2615, and inverters 2616
and 2617.
[0184] The term "each stage of the LAT (A)" denotes
an LAT (A) for taking in an image signal input to one
source signal line here.
[0185] A digital image signal VD output from the signal
control circuit explained in the embodiment mode is in-
put in p divisions (where p is a natural number) here.
That is, signals corresponding to output to p source sig-
nal lines are input in parallel. If a sampling pulse is input
at the same time to the clocked inverters 2614 and 2615
of p stages of the LAT (A) 2612 through buffers 2608 to
2611, then the respective input signals in p divisions are
sampled simultaneously in p stages of the LAT (A) 2612.
[0186] A source signal line driver circuit 2600 for out-
putting signal currents to x source signal lines is ex-
plained here, and therefore x/p sampling pulses are out-
put in order from the shift register per one horizontal pe-
riod. The p stages of the LAT (A) 2613 simultaneously
sample the digital image signals which are correspond-
ing to output to the p source signal lines in accordance
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with each sampling pulse.
[0187] A read in method, in which the digital image
signals thus input to the source signal line driver circuit
are divided into parallel signals of p phases and the p
digital images signals are taken in by using one sam-
pling pulse, is referred to as p-division drive in this spec-
ification.
[0188] A margin can be given to the sampling of the
shift register in the source signal line driver circuit by
performing the above-stated division drive. The reliabil-
ity of the display device can thus be increased.
[0189] When all of the signals for one horizontal peri-
od are input to each stage of the LAT (A) 2613, a latch
pulse LP and an inverted latch pulse LPB which has a
inverse polarity to the latch pulse LP are input, and the
signals input to each stage of the LAT (A) 2613 are all
output simultaneously to each stage of an LAT (B) 2619.
[0190] Note that the term "each stage of the LAT (B)"
used here denotes an LAT (B) circuit to which the signal
from each stage of the LAT (A) is input.
[0191] The LAT (B) 2619 is structured by clocked in-
verters 2620 and 2621, and inverters 2622 and 2623.
The signal output from the LAT (A) 2613 is stored in the
LAT (B) and at the same time is output to each of source
signal lines S1 to Sx.
[0192] Note that, although not shown in the figures,
circuits such as level shifters and buffers may also be
suitably formed.
[0193] Signals such as the start pulse S_SP and the
clock pulse S_CLK, input to the shift register, the LAT
(A), and the LAT (B), are input from the display controller
shown in the embodiment mode of the present inven-
tion.
[0194] With the present invention, operations for in-
putting a digital image signal with a small number of bits
to the LAT (A) of the source signal line driver circuit are
performed by the signal controller circuit. At the same
time, operations for reducing the frequency of the clock
pulse S_CLK, the start pulse S_SP, and the like, input
to the shift register of the source signal line driver circuit,
are performed by the display controller.
[0195] Operations for sampling the digital image sig-
nal by the source signal line driver circuit can thus be
reduced in the second display mode, and the electric
power consumption of the display device can be curbed.
[0196] Note that the source signal line driver circuit of
the display device according to the present invention is
not limited to the structure of the source signal line driver
circuit of Embodiment 1, and that source signal line driv-
er circuits with known structure can also be freely used.

[Embodiment 2]

[0197] An example of a structure of a gate signal line
driver circuit of a display device according to the present
invention is explained in Embodiment 2.
[0198] The gate signal line driver circuit is structured
by a shift register, a scanning direction switching circuit,

and the like. Note that, although not shown in the figure,
circuits such as level shifters and buffers may also be
suitably formed.
[0199] Signals such as a start pulse G_SP and a clock
pulse G_CLK are input to the shift register, and a gate
signal line selection signal is output.
[0200] The structure of the gate signal line driver cir-
cuit is explained using Fig. 16.
[0201] A shift register 3601 is structured by clocked
inverters 3602 and 3603, an inverter 3604, and a NAND
3607. The start pulse G_FSP is input to the shift register
3601. By changing the state of the clocked inverters
3602 and 3603 between a conductive state and a non-
conductive state in accordance with a clock pulse
G_CLK and an inverted clock pulse G_CLKB which has
a inverse polarity to the clock pulse G_CLK, sampling
pulses are output in order from the NAND 3607.
[0202] Further, the scanning direction switching cir-
cuit is structure by a switch 3605 and a switch 3606, and
functions to switch the operation direction of the shift
register between left and right directions. In Fig. 16, the
shift register outputs sampling pulses in order from the
left to the right in the case in which a left and right switch-
ing signal U/D corresponds to a Lo signal. On the other
hand, if the left and right switching signal U/D is a Hi
signal, then sampling pulses are output in order from the
right to the.
[0203] The sampling pulses output from the shift reg-
ister are input to a NOR 3608, and operation is per-
formed with an enable signal ENB. This operation is per-
formed in order to prevent a condition in which adjacent
gate signal lines are selected at the same time due to
dull sampling pulses. The signals output from the NOR
3608 are output to gate signal lines G1 to Gy, through
buffers 3609 and 3610.
[0204] Note that, although not shown in the figure, lev-
el shifters and buffers may also be formed as appropri-
ate.
[0205] Signals such as the start pulse G_SP and the
clock pulse G_CLK input to the shift register are input
from a display controller shown in the embodiment
mode.
[0206] With the present invention, operations to re-
duce the frequency of the clock pulse G_CLK, the start
pulse G_SP, and the like, input to the shift register of the
gate signal line driver circuit, are performed by the dis-
play controller in the second display mode.
[0207] Sampling operations of the gate signal line
driver circuit can therefore be reduced, and the electric
power consumption of the display device can thus be
curbed, in the second display mode.
[0208] Note that the gate signal line driver circuit of
the display device according to the present invention is
not limited to the structure of the gate signal line driver
circuit of Embodiment 2. Gate signal line driver circuits
with known structures can be freely used.
[0209] It is possible to freely combine Embodiment 2
with Embodiment 1.
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[Embodiment 3]

[0210] In this embodiment, a method of sealing the
display device of the present invention is described with
reference to Figs. 13A to 13C.
[0211] Fig. 13A is a top view of a display device, Fig.
13B is a sectional view taken along a line A-A' of Fig.
13A, and Fig. 13C is a sectional view taken along a line
B-B' of Fig. 13A.
[0212] A seal member 4009 is provided so as to sur-
round a pixel portion 4002, a source signal line driver
circuit 4003, and first and second gate signal line driver
circuits 4004a and 4004b, which are provided on a sub-
strate 4001. Further, a sealing member 4008 is provided
over the pixel portion 4002, the source signal line driver
circuit 4003, and the first and the second gate signal line
driver circuits 4004a and 4004b. Thus, the pixel portion
4002, the source signal line driver circuit 4003, and the
first and the second gate signal line driver circuits 4004a
and 4004b are sealed with a filler 4210 and by the sub-
strate 4001, the seal member 4009, and the sealing
member 4008.
[0213] Further, the pixel portion 4002, the source sig-
nal line driver circuit 4003, and the first and the second
gate signal line driver circuits 4004a and 4004b provided
on the substrate 4001 include a plurality of TFTs. Fig.
13B typically shows driving TFTs (here, an n-channel
TFT and a p-channel TFT are shown) 4201 included in
the source signal line driver circuit 4003 and a driving
TFT 4202 included in the pixel portion 4002, which are
formed on an under film 4010.
[0214] In Embodiment 3, the p-channel TFT or the n-
channel TFT fabricated by a well-known method are
used as the driving TFTs 4201, and a p-channel TFT
fabricated by a well-known method is used as the driving
TFT 4202. The storage capacitor (not illustrated) con-
nected to the gate of the driving TFT 4202 is provided
in the pixel portion 4002.
[0215] An interlayer insulating film (flattening film)
4301 is formed on the driving TFTs 4201 and the driving
TFT 4202, and a pixel electrode (anode) 4203 electri-
cally connected to a drain region of the driving TFT 4202
is formed thereon. A transparent conductive film having
a high work function is used as the pixel electrode 4203.
A compound of indium oxide and tin oxide, a compound
of indium oxide and zinc oxide, zinc oxide, tin oxide, or
indium oxide can be used for the transparent conductive
film. Further, the transparent conductive film added with
gallium may be used.
[0216] An insulating film 4302 is formed on the pixel
electrode 4203, and an opening portion is formed in the
insulating film 4302 over the pixel electrode 4203. In this
opening portion, an organic compound layer 4204 is
formed on the pixel electrode 4203. A well-known or-
ganic material or inorganic material can be used for the
organic compound 4204. Although the organic material
includes a low molecular system (monomer system) and
a high molecular system (polymer system), either may

be used.
[0217] As a formation method of the organic com-
pound layer 4204, a well-known evaporation technique
or coating technique may be used. The structure of the
organic compound layer may be a laminate structure ob-
tained by freely combining a hole injection layer, a hole
transfer layer, a light emitting layer, an electron transfer
layer, or an electron injection layer, or a single layer
structure.
[0218] A cathode 4205 made of a conductive film (typ-
ically, a conductive film containing aluminum, copper or
silver as its main ingredient, or a laminate film of those
and another conductive films) having a light shielding
property is formed on the organic compound layer 4204.
It is desirable that moisture and oxygen existing on the
interface between the cathode 4205 and the organic
compound layer 4204 are removed to the utmost. Ac-
cordingly, it is necessary to make such contrivance that
the organic compound layer 4204 is formed in a nitrogen
or rare gas atmosphere, and the cathode 4205 is formed
while the organic compound layer is not exposed to ox-
ygen or moisture. In this embodiment, a multi-chamber
system (cluster tool system) film forming apparatus is
used, so that the film formation as described above is
enabled. A predetermined voltage is applied to the cath-
ode 4205.
[0219] In the manner as described above, a light emit-
ting element 4303 constituted by the pixel electrode (an-
ode) 4203, the organic compound layer 4204, and the
cathode 4205 is formed. Then, a protection film 4209 is
formed on the insulating film 4302 so as to cover the
light emitting element 4303. The protection film 4209 is
effective to prevent oxygen, moisture and the like from
penetrating into the light emitting element 4303.
[0220] Reference numeral 4005a designates a draw-
ing wiring line connected to a power supply line and is
electrically connected to a source region of the driving
TFT 4202. The drawing wiring line 4005a passes be-
tween the seal member 4009 and the substrate 4001,
and is electrically connected to an FPC wiring line 4301
included in an FPC 4006 through an anisotropic con-
ductive film 4300.
[0221] As the sealing member 4008, a glass member,
a metal member (typically, a stainless member), a ce-
ramic member, or a plastic member (including a plastic
film) can be used. As the plastic member, an FRP (Fib-
erglass-Reinforced Plastics) plate, a PVF (polyvinyl flu-
oride) film, a Mylar film, a polyester film or an acryl resin
film can be used. Further, a sheet having such a struc-
ture that an aluminum foil is interposed between PVF
films or Mylar films can also be used.
[0222] However, in the case where the radiation di-
rection of light from the light emitting element is directed
toward the side of a cover member, the cover member
must be transparent. In this case, a transparent material
such as a glass plate, a plastic plate, a polyester film,
or an acryl film is used.
[0223] As the filler 4103, in addition to an inert gas
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such as nitrogen or argon, ultraviolet ray curing resin or
thermosetting resin can be used, and PVC (polyvinyl
chloride), acryl, polyimide, epoxy resin, silicone resin,
PVB (polyvinyl butyral), or EVA (ethylene-vinyl acetate)
can be used. In this embodiment, nitrogen was used as
the filler.
[0224] Further, in order to expose the filler 4210 to a
hygroscopic material (preferably, barium oxide) or a ma-
terial capable of adsorbing oxygen, a recess portion
4007 is provided on the surface of the sealing member
4008 at the side of the substrate 4001 and the hygro-
scopic material or the material 4207 capable of adsorb-
ing oxygen is disposed. Then, in order to prevent the
hygroscopic material or the material 4207 capable of ad-
sorbing oxygen from scattering, the hygroscopic mate-
rial or the material capable of adsorbing oxygen are held
in the recess portion 4007 by a recess cover member
4208. Note that, the recess cover member 4208 is
formed into a fine mesh, and has such a structure that
air or moisture is permeated and the hygroscopic mate-
rial or the material 4207 capable of adsorbing oxygen is
not permeated. The deterioration of the light emitting el-
ement 4303 can be suppressed by providing therewith
the hygroscopic material or the material 4207 capable
of adsorbing oxygen.
[0225] As shown in Fig. 13C, at the same time as the
formation of the pixel electrode 4203, a conductive film
4203a is formed to be in contact with the drawing wiring
line 4005a.
[0226] The anisotropic conductive film 4300 includes
a conductive filler 4300a. The substrate 4001 and the
FPC 4006 are thermally compressed, so that the con-
ductive film 4203a on the substrate 4001 and the FPC
wiring line 4301 on the FPC 4006 are electrically con-
nected through the conductive filler 4300a.
[0227] It is possible to freely combine Embodiments
1 and 2 with Embodiment 3.

[Embodiment 4]

[0228] This embodiment describes electronic equip-
ment of the present invention with reference to Figs. 14A
to 14F.
[0229] Fig. 14A is a schematic diagram of a portable
information terminal according to the present invention.
The portable information terminal is composed of a main
body 2701a, operation switches 2701b, a power switch
2701c, an antenna 2701d, a display unit 2701e, and an
external input port 2701f. A display device having the
structure shown in Embodiment Modes and Embodi-
ments 1 through 3 is used in the display unit 2701e.
[0230] Fig. 14B is a schematic diagram of a personal
computer according to the present invention. The per-
sonal computer is composed of a main body 2702a, a
case 2702b, a display unit 2702c, operation switches
2702d, a power switch 2702e, and an external input port
2702f. A display device having the structure shown in
Embodiment Modes and Embodiments 1 through 3 is

used in the display unit 2702c.
[0231] Fig. 14C is a schematic diagram of an image
reproducing device according to the present invention.
The image reproducing device is composed of a main
body 2703a, a case 2703b, a recording medium 2703c,
a display unit 2703d, an audio output unit 2703e, and
operation switches 2703f. A display device having the
structure shown in Embodiment Modes and Embodi-
ments 1 through 3 is used in the display unit 2703d.
[0232] Fig. 14D is a schematic diagram of a television
according to the present invention. The television is
composed of a main body 2704a, a case 2704b, a dis-
play unit 2704c, and operation switches 2704d. A dis-
play device having the structure shown in Embodiment
Modes and Embodiments 1 through 3 is used in the dis-
play unit 2704c.
[0233] Fig. 14E is a schematic diagram of a head
mounted display according to the present invention. The
head mounted display is composed of a main body
2705a, a monitor unit 2705b, a headband 2705c, a dis-
play unit 2705d, and an optical system 2705e. A display
device having the structure shown in Embodiment
Modes and Embodiments 1 through 3 is used in the dis-
play unit 2705d.
[0234] Fig. 14F is a schematic diagram of a video
camera according to the present invention. The video
camera is composed of a main body 2706a, a case
2706b, a connection unit 2706c, an image receiving unit
2706d, an eye piece unit 2706e, a battery 2706f, an au-
dio input unit 2706g, and a display unit 2706h. A display
device having the structure shown in Embodiment
Modes and Embodiments 1 through 3 is used in the dis-
play unit 2706h.
[0235] Not limited to the above-mentioned electronic
equipments, the present invention can be applied to var-
ious electronic equipments.
[0236] The electric power consumption of a display
device can be reduced with the aforementioned struc-
tures of the present invention. In addition, it becomes
possible to lengthen the display period in one frame pe-
riod, even in the case in which the number of sub-frame
periods used for expressing gray scales is reduced.
Thus, it becomes possible to provide a display device
which is capable of clear image display, and to provide
a method of driving the display device.
[0237] Furthermore, the display period for a light emit-
ting element per one frame period can be increased, and
therefore the voltage applied between an anode and a
cathode of the light emitting element can be set lower
in the case of expressing the same brightness per
frame. It thus becomes possible to provide a display de-
vice with high reliability.
[0238] It is also possible to apply the present invention
to self-light emitting type display devices using FDPs,
PDPs, and the like, not only to display devices using
OLED elements.
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Claims

1. A display device comprising:

a means for dividing one frame period into a
plurality of sub-frame periods;
means for selecting a light emitting state or a
non-light emitting state in each of the plurality
of sub-frame periods in accordance with a n-bit
digital signal (where n is a natural number) in-
put to a pixel;
means for selecting a first display mode or a
second display mode;
means for inputting the n-bit digital signal to the
pixel as a first digital image signal during the
one frame period in the first display mode;
means for inputting a first bit digital signal to a
m-th bit digital signal (where m is a natural
number less than n) of the n-bit digital signal to
the pixel as a second digital image signal during
the one frame period in the second display
mode; and
means for changing a length of each of the m
sub-frame periods in the second display mode
which are respectively corresponding to the
second digital image signal, to q times a length
of each of the m sub-frame periods in the first
display mode which are respectively corre-
sponding to the first bit digital signal to the m-
bit digital signal of the first digital image signal
(where q is a number greater than 1).

2. A display device according to claim 1 further com-
prising:

a pixel portion comprising the pixel as one of
pixels in a matrix state;
a driver circuit for inputting the first digital image
signal and the second digital image signal to
the pixel; and
means for changing the second frequency of
the driver circuit in the second display mode to
1/q times the first frequency in the first display
mode.

3. A display device according to claim 1 further com-
prising:

a pixel portion comprising the pixel in a matrix
state;
a memory;
means for storing the first digital image signal
in the memory in the first display mode and for
storing the second digital image signal in the
memory in the second display mode; and
means for changing the second frequency in
the second display mode for reading out the
second digital image signal from the memory to

1/q times the first frequency in the first display
mode.

4. A display device according to claim 1 further com-
prising means for making brightness of the pixel
lower in the second display mode than in the first
display mode.

5. A display device according to claim 1 further com-
prising:

a light emitting element in the pixel; and
means for changing an electric potential ap-
plied to an electrode of the light emitting ele-
ment to make brightness of the light emitting
element lower in the second display mode than
in the first display mode.

6. A display device according to claim 1, the display
device is selected from the group consisting of a
computer, a television, and a video camera.

7. A method of driving a display device comprising:

dividing one frame period into a plurality of sub-
frame periods;
selecting a light emitting state or a non-light
emitting state in each of the plurality of sub-
frame periods in accordance with a n-bit digital
signal (where n is a natural number) input to a
pixel;
selecting a first display mode or a second dis-
play mode;
inputting the n-bit digital signal to the pixel as
a first digital image signal during the one frame
period in the first display mode; and
inputting a first bit digital signal to a m-th bit dig-
ital signal (where m is a natural number less
than n) of the n-bit digital signal to the pixel as
a second digital image signal during the one
frame period in the second display mode,

wherein a length of each of the m sub-frame
periods in the second display mode which are re-
spectively corresponding to the second digital im-
age signal, is q times a length of each of the m sub-
frame periods in the first display mode which are
respectively corresponding to the first bit digital sig-
nal to the m-bit digital signal of the first digital image
signal (where q is a number greater than 1).

8. A method of driving a display device according to
claim 7,

wherein a pixel portion comprises the pixel
one of pixels in a matrix shape, and

wherein a driver circuit inputs the first digital
image signal and the second digital image signal to
the pixel, and
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wherein the second frequency of the driver
circuit in the second display mode is 1/q times the
first frequency in the first display mode..

9. A method of driving a display device according to
claim 7,

wherein a pixel portion comprises the pixel as
one of pixels in a matrix state,

wherein the first digital image signal is stored
in a memory in the first display mode and the sec-
ond digital image signal is stored in the memory in
the second display mode; and

wherein the second frequency in the second
display mode for reading out the second digital im-
age signal from the memory is 1/q times the first
frequency in the first display mode.

10. A method of driving a display device according to
claim 7, wherein brightness of the pixel is lower in
the second display mode than in the first display
mode.

11. A method of driving a display device according to
claim 7,

wherein the pixel comprises a light emitting el-
ement, and

wherein an electric potential applied to an
electrode of the light emitting element to make
brightness of the light emitting element lower in the
second display mode than the in the first display
mode.

12. An electronic equipment which uses the method of
driving the display device according to claim 7.

13. A display device comprising:

a signal control circuit;
a display controller; and
a display,

wherein the display comprises a source signal
line driver circuit, a gate signal line driver circuit, and
a plurality of pixels,

wherein each of the plurality of pixels compris-
es a light emitting element,

wherein the signal control circuit comprises a
CPU, a memory for storing a digital video signal and
outputting a digital image signal to the display, and
a memory controller,

wherein the display controller is electrically
connected to the source signal line driver circuit for
inputting a clock pulse for the source signal line driv-
er circuit and a start pulse for the source signal line
driver circuit, and to the gate signal line driver circuit
for inputting a clock pulse for the gate signal line
driver circuit and a start pulse for the gate signal line
driver circuit,

wherein display of an image is performed by
switching between a first display mode in which
gray scales are expressed by using first bit to n-th
bit (where n is a natural number) of the digital video
signal, and a second display mode in which gray
scales are expressed by first to a m-bit (where m is
a natural number less than n) of the digital video
signal,

wherein, in the first display mode, the memory
controller writes the first bit to n-th bit of the digital
video signal to the memory from the CPU, and out-
puts the first bit to n-th bit of the digital video signal
written into the memory to the source signal line
driver circuit as the digital image signal,

wherein, in the second display mode, the
memory controller writes the first bit to m-bit of the
digital signal to the memory from the CPU, and out-
puts writes the first bit to m-bit of the digital video
signal written into the memory to the source signal
line driver circuit as the digital image signal, and

wherein the display controller lowers frequen-
cy of each of the clock pulse for the source signal
line driver circuit, the start pulse for the source sig-
nal line driver circuit, the clock pulse for the gate
signal line driver circuit, and the start pulse for the
gate signal line driver circuit in the second display
mode compared to those in the first display mode.

14. A display device according to claim 13,
wherein a gray scale controller signal is input

to the variable frequency divider circuit, and
wherein frequency of each of the clock pulse

for the source signal line driver circuit, the start
pulse for the source signal line driver circuit, the
clock pulse for the gate signal line driver circuit, and
the start pulse for the gate signal line driver circuit
are made lower in the second display mode com-
pared to those in the first display mode.

15. A display device according to claim 13,
wherein the display controller comprises an

electric power source controller circuit used for the
light emitting element, and

wherein, in accordance with a gray scale con-
troller input to the electric power source controller
circuit used for the light emitting element, signal the
electric potential of the opposing electrode of the
light emitting element is changed so that the bright-
ness of light emitted from the light emitting element
in a light emitting state becomes less in the display
period corresponding to the t-bit in the second dis-
play mode, than that in the display period corre-
sponding to the t-bit in the first display mode (where
t is a natural number less than m).

16. A display device according to claim 13, wherein the
display device is selected from the group consisting
of a video camera, a television, and a computer.
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